Genetic variation within and among three Egyptian Mesembryanthemum species using different genetic markers  by Soliman, Magda I. et al.
w.sciencedirect.com
e g y p t i a n j o u rn a l o f b a s i c a n d a p p l i e d s c i e n c e s 1 ( 2 0 1 4 ) 1 2 7e1 3 5HOSTED BY Available online at wwScienceDirect
journal homepage: ht tp: / /ees.e lsevier .com/ejbas/defaul t .aspReview ArticleGenetic variation within and among three Egyptian
Mesembryanthemum species using different genetic
markersMagda I. Soliman a, Mohamed S. Zaghloul b, Yasmin M. Heikal a,*
a Botany Department, Faculty of Science, Mansoura University, Egypt
b Botany Department, Faculty of Science, Suez Canal University, Egypta r t i c l e i n f o
Article history:
Received 17 May 2014
Received in revised form
28 August 2014
Accepted 30 August 2014
Available online 20 November 2014
Keywords:
Mesembryanthemum species
Genetic variation
ISSR
RAPD
SDS-PAGE* Corresponding author.
E-mail address: dryoyo_heikal@yahoo.co
Peer review under responsibility of Mansou
http://dx.doi.org/10.1016/j.ejbas.2014.08.001
2314-808X/Copyright 2014, Mansoura Univer
NC-ND license (http://creativecommons.orga b s t r a c t
There are three species of the genus Mesembryanthemum recorded in Egyptian flora
(Mesembryanthemum crystallinum L., Mesembryanthemum nodiflorum L. and Mesembryan-
themum forsskaolii Hochst. ex Bioss.). Various genetic markers (SDS-PAGE, RAPD and ISSR)
have been applied to evaluate the genetic variability and structure within and between
twelve populations of Egyptian Mesembryanthemum L. species collected from different lo-
calities along the International Coastal Road. The electrophoretic analysis of protein was
revealed 18 bands of molecular weight ranging from 11.6 to 104.6 KDa. Five RAPD markers
generated 39 total bands. The percentage of polymorphism ranged from 25% to 75%, with
an average 61.78%. A total of five ISSR primers produced 37 total bands and the percentage
of polymorphism ranged from 25% to 55.5%, with an average 40.77%. Results of AMOVA
analysis showed that the percentages of molecular variance within populations are 73%,
77% and 53% and among species populations were scored as 27%, 23% and 47% using SDS-
PAGE, RAPD and ISSR markers respectively. The results of the study revealed that M.
crystallinum and M. nodiflorum exhibited within range genetic diversity. RAPD and ISSR
markers exhibited lower genetic diversity for M. forsskaolii. Comparing with native species
at local scale, M. crystallinum and M. nodiflorum had lower genetic diversity.
Copyright 2014, Mansoura University. Production and hosting by Elsevier B.V. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/
by-nc-nd/3.0/).1. Introduction
Subfamily Mesembryanthemoideae, comprises the single
genus Mesembryanthemum, with 102 species [1]. The genus
comprises about 70 species and it is native to them (Y.M. Heikal).
ra University.
sity. Production and hosti
/licenses/by-nc-nd/3.0/).Mediterranean region, Atlantic Islands, Saudi Arabia, South
Africa, South Australia and California [2]. Three species of the
genus Mesembryanthemum are recorded in Egyptian flora
(Mesembryanthemum crystallinum L., Mesembryanthemum nodi-
florum L. and Mesembryanthemum forsskaolii Hochst. ex Bioss.)ng by Elsevier B.V. This is an open access article under the CC BY-
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sandy and loamy habitats near the sea that are characterized
by high soil moisture, moderate rainfall and temperature. M.
forsskaolii grows in habitats of sandy plains or slopes that are
characterized by low rainfall and high temperature. M. nodi-
florum grows in wide ecological amplitude in sandy habitats
that are characterized by low rainfall, high temperature and
silty and loamy habitats with moderate rainfall and temper-
ature. M. crystallinum and M. nodiflorummay grow in salty soil
while, M. forsskaolii grows in the soil with low salinity.
Several studies have investigated Aizoaceae species such
as M. crystallinum which has many biological activities (e.g.
antioxidant, antiviral and antimicrobial) [4e6]. M. crystallinum
may be also useful for bio-remediation due to its salt accu-
mulation property [7]. M. forsskaolii seeds were ground into
flour used as a replacement for wheat for bread and cookies
due to containing high protein content [8]. Moreover, M.
nodiflorum as well as M. crystallinum were used as food and in
Tunisian traditional medicine for treatments of ocular infec-
tion [9], making these three species good candidates for
pharmaceutical or cosmetical applications.
The primary concern in population and evolutionary ge-
netic studies is toassessandevaluate thegeneticvariation that
it provides the basis for any evolutionary change. Themethods
for estimating genetic diversity have been progressed over the
years from Mendelian analyses of morphological traits, to
statistical characterization of quantitative characters, to vari-
ants biochemical electrophoretic assays and, recently, to mo-
lecular estimations of DNA sequence variation [10].
The application of molecular genetics methods for
assessing genetic diversity has been a significantly increased.
They have been applied to increase our knowledge of the
structure and extent of genetic variation within and among
species [11]. Several laboratory techniques had been devel-
oped including protein methods such as isozyme electro-
phoresis or molecular methods such as DNA analysis giving a
high indication of the levels of genetic variation found in a
species or population without direct interference from envi-
ronmental factors [11,12].
Random Amplified Polymorphic DNA (RAPD) is one of the
DNA techniques which can detect the polymorphism in
closely related organism [13]. Inter simple sequence repeat
(ISSR)-PCR marker is also highly polymorphic and is useful in
studies on genetic diversity, genome mapping, phylogeny,
evolutionary biology, and population and conservation ge-
netics [14,15]. Unlike allozymes which are codominant
markers, RAPD and ISSR are dominant markers [11].
In the present study, molecular analysis (RAPD and ISSR)
was applied beside biochemical analysis (SDS-PAGE) to assess
genetic variation within and among Egyptian Mesembryan-
themum species growing naturally in different coastal regions
of Egypt.T
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22. Materials and methods
2.1. Population sampling
Plant samples were collected from twelve natural populations
of three Mesembryanthemum species representing different
Fig. 1 e Geographic map of sampling localities (*) of Mesembryanthemum populations along the International Coastal Road,
Egypt.
e g y p t i a n j o u rn a l o f b a s i c a n d a p p l i e d s c i e n c e s 1 ( 2 0 1 4 ) 1 2 7e1 3 5 129localities along the International Coastal Road as listed in
Table 1 and represented in Fig. 1. M. crystallinum L. and M.
nodiflorum L. populations were collected from five localities
(Port said, Demiatta, El-Dakahlia, Kafr El-sheikh and El-
Beheira), while M. forsskaolii Hochst. ex Bioss. populations
were collected from two localities only (El-Gamil and Port said
city). The number of sampled populations depended on the
actual population size. Seeds and fresh young leaves were
collected as bulked samples from each population of each
species in the study area for genetic analyses.
2.2. Biochemical analysis (SDS-PAGE)
Sodium dedocylsulfate polyacrylamide gel electrophorosis
(SDS-PAGE) as described by Laemmli [16] was used to differ-
entiate between twelve populations of studiedM. crystallinum,
M. forsskaolii and M. nodiflorum seeds by their protein profiles.
It is the standard method for separating and differentiating
protein according to their molecular weights. The banding
profile in the gel was photographed and the number of bands
for each taxon was scored.
2.3. Plant material and DNA extraction
Genomic DNA was extracted using a modified protocol of
Dellaporta [17]. The amount of DNAwas quantified by agarose
gel electrophoresis. DNA samples were stored at 20 C for
RAPD and ISSR analyses.
2.4. RAPD amplifications
Polymerase chain reaction (PCR) was conducted according to
Williams et al. [13]. Twelve RAPD primers were initiallyscreened but only five primers (OPO9, OPO10, OPO11, OPO12
andOPO13)were used in the analysis and listed in Table 3. The
generated clear and reproducible banding patterns were used
to evaluate genetic diversity. The reaction conditions were
optimized andmixtures were composed of dNTPs (5 ml), MgCl2
(5 ml), 10 buffer, primer (5 ml), DNA (10 ml), promega Taq DNA
polymerase (2.5 units). DNA amplification was carried out in a
thermocycler (PTC-100) programmed for 95 C for 5 min (one
cycle); followed by 94 C for 1min, 36 C for 1min and 72 C for
2 min (45 cycle); 72 C for 5 min (one cycle), then 4 C (infini-
tive). Amplification products (10 ml) were mixed with 5 ml
bromophenol blue separated on 1.5% agarose gel and stained
with 3 ml ethidium bromide then photographed.2.5. ISSR amplifications
ISSR-PCR reactions were conducted according to Zietkiewicz
et al. [18] using five selective ISSR primers for the genotypes as
(HB11, HB12, HB13, HB14 and HB15) which were synthesized
on an ABI 392 DNA/RNA synthesizer (Applied Biosystems) at
AGERI, ARC (Egypt) and represented in Table 3. DNA amplifi-
cation was carried out in Stratgene PCR 96 which was pro-
grammed for denaturation (one cycle) at 94 C for 2 min,
followed by 30 cycles: as follows 94 C for 30 s, 44 C for 45 s,
72 C for 1 min, and finally one cycle extension at 72 C for
20 min, and 4 C (infinitive). Fifteen ml of PCR-products were
resolved in 1.5% GTG agarose gel electrophoresis with 1 TAE
running buffer. The runwas performed at 80 V for 180min and
the gel was stained with ethidium bromide then
photographed.
The gels of DNA and protein were visualized and photo-
graphed by gel documentation system (Biometra Bio Doc
Analyze 2000) under UV transilluminator at central laboratory
Table 2 eDatamatrix of SDS-PAGE of protein pattern of twelve different populations of
Mesembryanthemum L. in Egypt.
Plate 1 e Electrophenogram illustrating protein banding profile of twelve different populations of Mesembryanthemum L. in
Egypt M ¼ marker 1,2,3,4 and 5 ¼ M. crystallinum 6,7 ¼ M. forsskaolii and 8,9,10,11 and 12 ¼ M. nodiflorum.
e g y p t i a n j o u rn a l o f b a s i c a n d a p p l i e d s c i e n c e s 1 ( 2 0 1 4 ) 1 2 7e1 3 5130of Desert Research Center. The bands were scored as present
(1) or absent (0) regardless of their intensity. Only the clear and
reproducible bands were recorded. The smeared and weak
ones were excluded from analysis. The binary data generated
were used to estimate levels of polymorphism by dividing the
polymorphic bands by the total number of scored bands.
2.6. Genetic diversity and structure
Using GenAlEX 6.2 [19], standardmeasures of genetic diversity
for each species were calculated including the number ofdifferent alleles (Na), the number of effective alleles (Ne) ¼ 1/
(p2 þ q2), Shannon's information index (SI) ¼ 1(p Ln (p) þ q
Ln(q)), the expected heterozygosity (He) ¼ 2pq, the unbiased
expected heterozygosity (UHe) ¼ (2N/(2N1)) He, and per-
centage of polymorphic loci (%P). All the measurements were
assessed and represented as mean and standard error (SE)
over loci within populations and over loci among populations
within the species [20]. The genetic differences (PhiPT) among
species were estimated using the Analysis of Molecular Vari-
ance (AMOVA) procedure [21] to investigate the hierarchical
partitioning of genetic variation among species. PhiPT was
Plate 2 e DNA polymorphasim based on RAPD-PCR and ISSR-PCR analysis ofMesembryanthemum L. populations in Egypt, for
population number see Table 1.
e g y p t i a n j o u rn a l o f b a s i c a n d a p p l i e d s c i e n c e s 1 ( 2 0 1 4 ) 1 2 7e1 3 5 131calculated as the proportion of the variance among species,
relative to the total variance. Unbiased genetic identity and
distance [23] were calculated between pairs of species using
GenAlEX 6.2 [22].3. Results
3.1. SDS-PAGE electrophoretic pattern
The electrophoretic analysis of protein samples showed a
distinctive electrophoretic pattern. The electrophoretic pro-
tein profile of Mesembryanthemum species represented in18bands with molecular weight ranged from 11.6 to 104.61 (KDa)
as shown in Table 2 and illustrated in Plate 1. In M. crystal-
linum, the protein profile consisted of 13 bands; 5 bands were
recorded as monomorphic and 8 bands were polymorphic.
Five unique bands were found of molecular weights as follow
(71.5, 50.8, 44.9, 12.7 and 11.6 KDa). The percentage of poly-
morphismwas calculated as 61.54%. InM. forsskaolii, a total of
11 bands were revealed in which 5 bands were monomorphic
and 6 bands were polymorphic. Six unique bands were
recorded with molecular weight (86.2, 73.4, 50.8, 40.5, 16.8 and
12.7 KDa). The percentage of polymorphism was 54.54%. InM.
nodiflorum, 15 bands were found in which 3 bands were
monomorphic and 12 bands were polymorphic. Four unique
Table 3 e List of primers and their nucleotide sequences, range of band products, number of common and polymorphic
bands and the percentage of polymorphism produced by different RAPD and ISSR primers.
Molecular
type
Primer
code
Nucleotide sequence
50to 30
Size range
(bp)
Total
bands
Mono-morphic
bands
Poly- morphic
bands
%
Polymorphism
RAPD OPO9 TCC CAC GCA A 1465e350 8 2 6 75
OPO10 TCA GAG CGC C 910e130 7 2 5 71.42
OPO11 GAC AGG AGG T 1112e115 8 2 6 75
OPO12 CAG TGC TGT G 950e305 8 6 2 25
OPO13 GTC AGA GTC C 1120e95 8 3 5 62.5
Average 7.8 3 4.8 61.78%
ISSR HB11 (GT)6 CC 1500e450 8 4 4 50
HB12 (CAC)3 GC 1800e400 9 4 5 55.55
HB13 (GAG)3 GC 1900e300 10 6 4 40
HB14 (CTC)3 GC 1200e500 4 3 1 25
HB15 (GTG)3 GC 1300e700 6 4 2 33.33
Average 7.4 4.2 3.2 40.77%
e g y p t i a n j o u rn a l o f b a s i c a n d a p p l i e d s c i e n c e s 1 ( 2 0 1 4 ) 1 2 7e1 3 5132bands were scored with molecular weight (73.4, 44.9, 12.7 and
11.6 KDa). The percentage of polymorphism was estimated as
80%.3.2. Molecular analysis
The result of DNA profile using RAPD analysis for 5 primers
(OPO9, OPO10, OPO11, OPO12 andOPO13) and ISSR analysis for
5 primers (HB11, HB12, HB13, HB14, and HB15) are shown in
Plate 2. The range of bands products numbers of mono-
morphic and polymorphic bands produced by different
primers are shown in Tables 3e5.
3.2.1. RAPD analysis
RAPD-PCR profile showed a high polymorphism in Mesem-
bryanthemum populations. A total of 39 reproducible and clear
bands were amplified with different lengths, ranging from 95
to 1465 bp in which 24 bands were polymorphic. Number of
polymorphic bands varied between 2 and 6. The average
number of polymorphic fragments per primer was 4.8. The
percentage of polymorphism ranged from minimum value of
25% in (OPO12) tomaximumvalue of 75% in (OPO9 andOPO11)
with an average of 61.78% as shown in Tables 3 and 5.
With primer OPO12, there were two characteristic unique
bands of molecular weights 950 bp and 895 bp for M. crystal-
linum. Moreover, primer Opo13 band of molecular weight
1120 bp can be considered as unique (private allele) for M.
crystallinum. The results also revealed that, primer OPO9,
OPO10 and OPO13 bands of molecular weights 475 bp, 560 bp,
and 220 bp respectively, are specific (private alleles) for M.
forsskaolii. While primer OPO9 bands with molecular weights
350 bp, 1465 bp, and 1120 bp present in one site and absent in
the others. Also, primer OPO10 bands of molecular weights
250 bp and 910 bp present in one site and absent in the others.
In primer OPO13, the unique bands ofmolecular weight 450 bp
and 1120 bp were specific for M. nodiflorum.
3.2.2. ISSR analysis
Concerning ISSR analysis, the primers yielded 37 highly
reproducible ISSR bands ranging from 300 to 1900 bp in size.
As shown in Tables 3 and 5, 16 of the bands were polymorphic
with an average of 3.2 polymorphic bands per primer, whilethe remaining 21 bands were monomorphic. The percentage
of polymorphismwas found in the range ofminimumvalue of
25% (HB14) to maximum value of 55.5% (HB12), with an
average of 40.77%.
The results indicated that primers HB11 and HB12 bands of
molecular weights 900 bp and 1600 bp respectively, produced
specific (private alleles) bands for M. forsskaolii in population
(6). It was found that bands of the molecular weights 1800 bp,
500 bp, and 1100 bp corresponding to the primers HB12, HB13,
and HB15, respectively, are unique bands (private alleles) for
M. crystallinum. In M. nodiflorum, the bands of molecular
weights 900 bp and 1500 bp belonging to the primer HB11were
present in only one population (10) and absent from the rest of
sites populations. Also, bands of molecular weights1200 bp
and 1600 bp belonging to primer HB12 and bands of molecular
weights 500 bp and 800 bp belonging to primers HB13 and
HB15, respectively, were recorded as unique bands (i.e. private
alleles recorded in only one population within the species) for
M. nodiflorum in (Table 4).3.3. Genetic diversity and structure
Although using RAPD and ISSR genetic markers resulted in
higher number of bands than SDS-PAGE (39, 37 and 18 bands,
respectively), all measured diversity parameters were higher
using SDS-PAGE than RAPD followed by ISSR, e.g. the average
of heteromorphism all over the studied three species was
48.15% using SDS-PAGE, while it was only 29.06% using RAPD
and 20.72% using ISSR (Table 6). RAPD and ISSR markers
agreed on assigning higher diversity values to M. nodiflorum
followed by M. crystallinum than M. forsskaolii. On other hand,
SDS-PAGE assigned M. crystallinum the highest diversity
values followed by M. nodiflorum. It assigned M. forsskaolii the
lowest diversity values (Table 6). Results should be treated
with caution given the sample size in the M. forsskaolii is less
than 5.
Generally, AMOVA results revealed that proportion of total
genetic variation found among species (PhiPT) was high in
(Table 6). Relatively, it was lower for RAPD maker (23%) than
for SDS-PAGE marker (27%). ISSR resulted in a fairy high total
genetic variation among species (47%). Also, the percentages
of molecular variance within species populations were
Table 4e RAPD and ISSR profiles of different genotypes inMesembryanthemum L. using five primers for each
marker, for population number see Table 1.
Table 5 e Comparative analysis of bands characteristics
generated by RAPD and ISSR markers in
Mesembryanthemum species.
No. Parameters RAPD ISSR
1 Species screened 3 3
2 No. of primer used 5 5
3 Range of markers 95e1465 bp 700e1500 bp
4 Total No. of bands 39 37
5 No. of monomorphic bands 15 21
6 No. of polymorphic bands 24 16
7 % Polymorphism 61.78% 40.77%
e g y p t i a n j o u rn a l o f b a s i c a n d a p p l i e d s c i e n c e s 1 ( 2 0 1 4 ) 1 2 7e1 3 5 133recorded as 73%, 77% and 53% using SDS-PAGE, RAPD and ISSR
markers respectively.4. Discussion
Assessing genetic diversity is an important precursor in any
population genetic investigation that it affects the evolu-
tionary potential of a species and populations [23]. This study
offered some detailed analysis of the genetic variation and
structure for three Egyptian Mesembryanthemum species
growing in different natural habitat based on biochemical and
molecular markers that have been proven to be valuable for
the determination of genetic diversity.
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and 950 bp and OPO12 bands with molecular weight 895 bp
were private alleles distinctive forM. crystallinum populations
at Rosetta city (population 5). Band with molecular weight of
475 bp resulted out using primer OPO9 is a private allele forM.
forsskaolii population at Port said city (population 7) and band
with molecular weight of 350 bp of primer OPO9 is a private
allele for M. nodiflorum population at New Demiatta city (pop-
ulation 9). Meanwhile, 1200 bp band resulted from using HB12
primer in ISSR marker is a private allele forM. nodiflorum pop-
ulation at Baltim city (population 11).
The results indicated that molecular analysis by using
RAPD and ISSR techniques may be good tools for DNA
fingerprinting, detecting the genetic variations and identifying
of Mesembryanthemum species collected from different loca-
tions. Variation in DNA sequences lead to polymorphism.
Greater polymorphism reflects higher genetic diversity. Poly-
morphism percentages of different used markers (RAPD, ISSR
and SDS-PAGE) were recorded as follow 61.78%, 40, 77% and
80% respectively.
As reported in previous studies [24] on the genetic diversity
among the three cogeneric wild species (M. crystallinum L., M.
nodiflorum L. and M. forsskaolii Hochst. ex Bioss.) and the re-
lationships between these species were determined by using
RAPD and isozymes, the results showed that a notable poly-
morphic bands in ten RAPDmarkers giving a little variation in
the genetic divergence between studied species. Similar re-
sults were reported in assessment of genetic diversity of
Pancratium L. and Launaea Cass. species by using RAPD and
ISSR markers [25,26].
Random amplified polymorphic DNA (RAPD) and inter
simple sequence repeats (ISSR) markers require only small
amounts of DNA without involving radioactive labels and are
simpler as well as faster. RAPD has proven to be quite efficient
in detecting genetic variations and used for genetic diversity
and for identifying germplasm of plant species [27,28]. ISSR
has been shown to provide a powerful, rapid, simple, repro-
ducible and inexpensivemeans to assess genetic diversity and
identify differences between closely related cultivars in many
species [29]. ISSR may be a valuable tool for DNA finger-
printing of plant cultivars [30]. Yildiz et al. [31], stated that the
genetic variation as measured by ISSR, SRAP and RAPD
markers also revealed high diversity among Turkish melon
genotypes (H ¼ 0.30, I ¼ 0.45 and 87.6%).
Comparing with other short-lived, outcrossing perennial
species (P¼ 43.7% and 32.1, He¼ 0.123) [32],M. crystallinum and
M. nodiflorum exhibited within range genetic diversity. RAPD
and ISSR markers exhibited lower genetic diversity for M.
forsskaolii. This may be attributed to sample size which is less
than 5. On the local-scale, three Ballota species (Lamiaceae); B.
undulata (Fresen.) Benth., B. saxatilis C. Presel, and B. kaiseri
T€ackh. native to southern Sinai have been analyzed for allo-
zyme diversity [33] and Hypericum sinaicum and Origanum
syriacum subspecies sinaicum have been analyzed for AFLPs
[34]. Comparing with these species which are perennial out-
crossing herbs M. crystallinum and M. nodiflorum had lower
genetic diversity. For comparisons across studies using
different genetic markers, estimates of heterozygosity appear
to be the most suitable and commonly reported parameters,
although these are influenced by choice of bands and loci [35].
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